Background Postoperative discitis (POD) remains a dreaded complication in the present era of asepsis. The treatment has been traditionally conservative, but the safety of spinal implants in infective settings has prompted the surgeons to provide rigid immobilization for promoting healing. A major concern in a country like ours is huge patient inflow and long waiting list added to the woe of patient's refusal for a second operative intervention after a first undesirable outcome.
Introduction
Postoperative discitis (POD) is a dreaded complication following lumbar disc surgery. First recognized in 1953 by Turnbull as a clinical entity, 1 it continues to haunt every spine surgeon in the present era of ever-increasing concern for surgical safety and asepsis. POD takes the form of a closed, deep-space infection, at the site of the surgery, of the nucleus pulposus and involves the cartilaginous end plate and the vertebral body following discectomies. 2 The reported incidence is <1% in the West 3,4 but 4 to 10% in India. [5] [6] [7] [8] The cause is largely iatrogenic, although spontaneous discitis has also been described. Among the factors related to surgery, the main ones are damage to the lower and upper end plates following disc space curettage, inadvertent introduction of germs, and instability. 9 Some patient-related intrinsic factors such as diabetes, smoking, malnourishment, and morbid obesity also need to be optimized to lower the possibility of POD. 4 Prolonged catheterization and prolonged stay in hospital increase the risk of nosocomial infection. 10 Whether truly aseptic or of an infective etiology, the causal organism has been isolated only in half of the cases. 5, 11 The diagnosis is, mainly clinical, based on symptoms and signs and supported by laboratory tests and radiological parameters. The treatment has been traditionally conservative, but the safety of spinal implants in infective settings has been tempting the surgeons to prescribe rigid immobilization of the affected segments to promote healing. [12] [13] [14] A major concern in a country such as India is apprehension on the part of patients and their refusal to undergo a second operative intervention when the outcome of the first one has been adverse. The problem is aggravated by a huge inflow of patients and a long waiting list in a public sector hospital such as ours and the additional expenses associated with surgery, which largely influence decision making by patients. It is against this background that this paper seeks to review the outcome of conservative management in patients with POD and to define the absolute surgical indications for such patients.
Materials and Methods
This study is a retrospective audit of the management of patients with POD who had been admitted to our tertiary care institute between January 2015 and January 2017. The data were retrieved from records after approval by the hospital's ethical committee. Only those patients who had undergone single-level lumbar discectomy were included in the study; those with multiple-level discectomy, spontaneous discitis, and implant-associated discitis were excluded.
The diagnosis of POD was based on the clinical and radiological parameters. Patients with clinical symptoms and signs suggestive of discitis after surgery were evaluated on the basis of blood and radiological investigations. The severity of pain was measured using the visual analog scale (VAS) score. Radiological investigations included X-rays to record an anteroposterior view and lateral views to document endplate erosion, cavitation, reduction in disc space, and instability if any, supplemented with computed tomography (CT) if the radiographs failed to provide a definitive diagnosis or with magnetic resonance imaging (MRI) with gadolinium contrast-enhanced pictures taken during the postoperative period. Blood tests included complete blood count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP)-quantitative blood cultures, and human immunodeficiency virus status.
The patients were given empirical antibiotics based on the antibiogram data available at our hospital. We followed the regimen suggested by Basu et al, 5 namely, intravenous (IV) antibiotics for 3 weeks followed by oral antibiotics for the next 3 weeks but customized or adjusted as required. The patients were switched to specific antibiotics if the culture proved sensitive to a particular antibiotic and were advised bedrest followed by gradual mobilization using spinal orthosis to the extent they could tolerate.
The antibiotics included vancomycin or linezolid for gram-positive organisms, amikacin or netromycin for gram-negative organisms, and metronidazole or tinidazole for anaerobic organisms. Surgical intervention in the form of stabilization was performed for patients with bony destruction leading to instability or deformity and with discharging wounds. The patients were evaluated using serial ESR, CRP, and X-rays at 3-week, 6-week, 3-month, and then at 6-month intervals. Patient satisfaction was assessed using the MacNab assessment criteria 15 in terms of the presence and degree of pain and the ability to resume normal activities.
Results
Twelve patients, 10 of them institutional (8% of the 124 surgeries) and 2 referred from elsewhere, had been admitted between January 2015 and January 2017 with symptoms suggestive of POD. Of the 12 patients, 7 (58%) were male and 5 (42%) were female. The mean age at the time of admission was 42 years and ranged from 25 to 53 years. The patients presented themselves between 2 and 8 weeks (average: 3.5 weeks) after the discectomy. Three (25%) of the patients suffered from associated diabetes mellitus type II, one (8%) was malnourished, two (17%) were obese (body mass index >35), and two (17%) were chronic smokers.
In all the patients, low back pain was associated with paraspinal spasm. The median VAS score at the time of admission was 8 (interquartile range [IQR]: 8.0-9.0). Radiculopathy was noted in four (33.3%) patients and one (8.3%) patient had draining frank pus from the wound. No patient showed fever (> 98.5°F). The median ESR at the time of admission was 67 (IQR: 46-79), CRP was 22 (IQR: 16.75-29), and the radiographs showed five (42%) patients with the affected level of L4-L5 and seven (58%) with L5-S1. Notable radiological findings were end-plate erosion and reduced disc space, and the patients showed deformity. Dynamic views were too painful and therefore were not undertaken. MRI showed the characteristic hypointense T1, hyperintense T2, and contrast-enhanced T1. The surgical procedures were hemilaminectomy in six (50%) patients, laminectomy in four (33%), and fenestration in two (17%). None of the patients showed any associated epidural abscess or neuro deficit. Four (33.3%) patients tested positive for bacteria following blood culture but none tested positive for Fungi. Of the four who tested positive, three (25%) showed Staphylococcus aureus (2 methicillin-susceptible S. aureus and one methicillin-resistant S. aureus) and one (8%) showed Pseudomonas aeruginosa. None of them had a mixed flora infection. Ten (83%) patients received conservative treatment and two (17%) were operated for posterior surgical stabilization along with debridement, with the indications being kyphosis in one and a discharging wound in the other. Both these patients were operated upon immediately after admission. None of the 10 patients being managed conservatively had failure to response requiring surgical treatment. The serial ESR and CRP returned to their baseline values by 3 weeks in nine (75%) patients but showed a downward trend in three (25%) and did not return to the baseline values: Of these three, two received extended IV antibiotics for 2 weeks and one for 3 weeks until these acute-phase reactants had normalized. Furthermore, the responder nine (75%) patients were given oral antibiotics for 3 weeks and the three late responders (25%) for 6 weeks. Thus, the total duration of the antibiotic treatment was 6 to 12 weeks with a mean of 7.3 weeks. Of the two patients who had been operated upon for posterior surgical stabilization along with debridement, one showed P. aeruginosa infection from the discharging pus and from the fluid deep in the wound, although the patient had tested negative initially on blood culture. The other patient showed no growth-neither pyogenic nor fungal and nor tubercular. In 5 (42%) of the 12 patients, we were able to isolate the offending germs. In all the patients, who had been mobilized with braces by 1 to 2 weeks as tolerable, VAS scores fell (►Fig. 1) but were dramatically so in the two (17%) patients who had been operated upon. The mean follow-up duration was 15.2 months and ranged from 12 to 18 months. Four (33.3%) patients (two who had been operated upon and two who had been under conservative management) attained fusion and the rest showed reformation and sclerosis of the end plate although with a reduction in joint space. When subjected to the MacNab outcome assessment at the final follow-up, four (33%) patients rated their experience as excellent, six (50%) as good, and two (17%) as fair. On the whole, two (17%) patients had to change the nature of their work. ►Figures 2 to 5 show the imaging profiles of some of the patients.
Discussion
Postsurgical discitis is a rare but extremely serious complication following discectomy. Some authors have tried to differentiate POD into septic and aseptic forms. Aseptic discitis arises as a result of traumatization of the disc and vascular compromise during surgery. 16 However, even this is believed by some as a result of infection by organisms of low virulence. 17 In the absence of any specific differentiating MRI features, 18 nonelevation of the inflammatory markers (ESR and Fig. 1 Visual analog scale score of 12 patients. Arrow shows the dramatic improvement in two patients who were operated upon. L5-S1 discitis that ended in fibrous ankylosis.
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CRP) can only suggest an aseptic noninfective etiology. In our series, all the patients had elevated ESR and CRP; we therefore believe all those cases as a septic form of discitis.
Multiple risk factors that increase the incidence of discitis have been identified; these include diabetes, malignancy, smoking, chronic alcoholism, malnutrition, and intake of steroids. 2 In the present study, we identified at least 7 (58%) out of 12 as having at least one confounding factor. Infection of the respiratory tract or the urinary tract can increase the risk further, and it is common for patients to have prolonged hospitalization with indwelling catheters, which makes the patients prone to nosocomial infections. 19, 20 Recurrence of pain following discectomy has been attributed to wrong-level discectomy (3.3-13%), residual disc, postsurgical instability of spinal segment, and sometimes, the persistence of stenosis of the lateral recess. 21, 22 Diagnosing discitis continues to be difficult, given the lack of established criteria, and one has to supplement clinical findings with radiological and biochemical markers. Back pain and muscle spasm are the most consistent features of discitis, supposed to be present in almost all cases. 5, 23 The mean VAS score at the time of admission was 8 in our cohort. The intensity of pain can vary. Puranen et al reported completely disabling pain, which was aggravated by movement and coughing in eight of their patients. 16 Similar findings, a mean VAS score of 8.5, were also reported by Basu et al. 5 In contrast, Hopkinson et al noted mild pain in many patients. 24 Paravertebral muscle spasm was consistently found in 75 to 100% of cases. 5, 7, 16 Almost all of our patients suffered from disturbed sleep: any sudden turning in bed during sleep would cause excruciating pain, forcing them to wake up. The pain was also aggravated by coughing, sneezing, and straining during defecation. Signs of tension in root, as seen in patients given the straight-legraising test, was seen in five (42%) of our patients, but none showed any motor or sensory disturbance. Fever too is a highly variable feature and ranged from 11 to 68% 5, 25, 26 ; it is therefore not a reliable feature, and we found no patient who had a body temperature >38°C at the time of admission.
One of the most dependable markers of inflammation is CRP. Levels of CRP and ESR follow a predictable pattern following discectomy: CRP peaks by the second day and returns to normal by 5 to 14 days, whereas ESR peaks by the fifth day and slowly reverts to the baseline by 21 to 42 days. 27 Therefore, an abnormally high CRP, 2 weeks after surgery, must alert the surgeon. In our study, the mean duration to reach the peak was 3.5 weeks, pointing clearly to infection. The decrease in both CRP and ESR following treatment and the clinical improvement further strengthened the potential of these two parameters as important prognostic markers.
Contrast-enhanced MRI is the gold standard for imaging modality. However, it takes a while for typical X-ray or CT findings of discitis to appear, leading to delays in diagnosis. Compared with plain film, CT is more sensitive in diagnosing discitis. 28 Basu et al noticed decreased disc height and changes in the end-plate in radiographs taken at 6to 8 weeks and end-plate erosion in CT scan at 3 to 6 weeks. 5 Hopkinson et al failed to diagnose discitis through CT in 10 of their patients. 24 In discitis, subtle changes develop in MRI as early as 3 to 5 days, 29, 30 and MRI can also pick up an abscess, which is considered as an indication for surgical exploration. 29 However, these changes should be interpreted with caution, because they resemble such other noninfective conditions as acute end-plate injury during surgery, remnants of an extruded disc, and Modic Type I changes. 31 Consequently, features that can clinch the diagnosis of discitis are (1) typical MRI findings, (2) a clinically nonimproving patient, and (3) elevated inflammatory markers. We subjected all our patients to MRI and do so routinely in all cases or back pain after surgery, and this additional test may have revealed many subclinical cases-we strongly believe that discitis has been underreported.
The adult disc is avascular, and direct introduction of a pathogen during surgery is the most commonly accepted cause of POD. 2, 19, 32 Another possible pathway through which the malady can spread is through the Batson venous plexus, a network that can communicate with veins of vertebral bodies. 2, 19 Again, considering the avascularity of discs, the routine use of preoperative antibiotics has been challenged. Yet, antibiotics do reach disc space, and Lang et al found that inhibitory concentrations of ceftriaxone reached the disc space when 2 g of ceftriaxone was used. 33 The incidence of discitis is definitely higher without prophylactic use of antibiotics. Tai et al 34 recommended 5 mg/kg of gentamicin to reduce the risk of discitis. We routinely use gentamicin 500 mg and ceftriaxone 2 g, both as a single dose, before inducing anesthesia. Out of 10 cases of POD in this study, seven (7 out of 64 discectomies) were encountered in the first year-an unusually high proportion compared with that reported in other studies. A factor common to these 10 cases was that all were the last cases in the long surgical list for the day in a busy operation theater, which meant longer time (> 1.5 hours) by the already-exhausted surgeons. Being a teaching and training hospital, the number of footfalls in the operating theater is usually high (including the paramedics and medics) possibly leading to higher rates of infection. Hamdan reported below-the-standard operating rooms, and we accept that the same may be the case in our hospital too; moreover, for that matter, in other public hospitals across India. 29 However, learning from Rohde et al, 2 we have begun to routinely irrigate disc space with normal saline mixed with gentamicin every 15 minutes during the operation and to use gentamicin-soaked Gelfoam in disc space after surgery. Since introducing this practice, we had only three cases (3 cases of 60 discectomies) of discitis in the second year.
The time between the index surgery and signs of discitis is highly variable, ranging from 2 days to 6 months. 24, 25 We believe that the time depends not only on the virulence of the organism and the degree of immunity of the patient but also on the surgeon's ability to pick up the cases in their early stages. Hamdan was quicker in diagnosing the cases compared with most of the other surgeons and also very aggressive in providing surgical debridement to patients failing to respond conservatively by 4 days. 29 The mean duration for the development of symptoms in our series was 3.5 weeks. Ninety-five percent of the cases of lumbar disc herniation occur at L4-L5 and L5-S1 levels 35 and were the most common sites of discitis across all studies: the present study was no exception, with seven (58%) cases at L5-S1 and five (42%) at L4-L5. Greater incidence at either level may be merely a matter of chance and bears no correlation with any other feature.
Isolating the causal organism is a matter of debate. With a second invasive procedure, the yield may be positive in only half the cases 2,32,36 : CT-guided biopsy has poor results, with only 9 of 25 (36%) CT-guided biopsies being positive, as reported by Enoch et al, 37 whereas percutaneous endoscopic discectomy and drainage (PEDD) is far superior in identifying causal pathogens. The proportion of positive results from PEDD has been reported to be as high as 86 to 90%. [38] [39] [40] Yang et al reported positive results from culturing in 90% of patients in a PEDD group compared with only 47% in a CT-guided biopsy group. 38 An added advantage of PEDD is immediate relief of pain owing to debridement and irrigation of disc space, which accompany the procedure. 38 It is also noteworthy that Tronnier et al, on culturing all their 412 postdiscectomy samples, found 17% of the cases to be positive but only one patient developed discitis. 19 Therefore, we maintain that it is not necessarily the isolated organism that causes discitis and subjecting a patient to a second invasive procedure to identify the pathogenesis not justified. We cultured samples from only two of our patients who had undergone debridement: one culture tested negative and the other tested positive for Pseudomonas. Staphylococcus aureus and Staphylococcus epidermidis, in that order, have been the leading causes of discitis as reported in several studies. 5, 6, 19, 25 Infrequently, Mycobacterium tuberculosis has been found associated with discitis. 4 Basu et al reported only a single case of tuberculosis (TB) that did not respond to conservative management in their series. 5 In regions such as ours, where TB is endemic, reactivation of latent TB always remains a potential threat. Fungal infections, although rare, may also follow discectomy, as reported by Zou et al, the most common causes being Candida and Aspergillus. 41 Fungal discitis does not show any abscess in MRI but is almost always associated with multilevel bone destruction. 5 In our opinion, those patients who do not respond to conservative management must be evaluated for these atypical infections. We immediately started all our patients on empirical antibiotics according to the antibiogram of our hospital. Before starting the antibiotic regimen, we routinely cultured blood and urine samples of all our patients. Blood culture was positive in 33% of our patients, a figure close to that reported in literature. 28, 29 Bedrest with IV antibiotics followed by oral antibiotics has been the traditional treatment strategy for discitis. Keeping in mind the limited diffusion of antibiotics across disc space, a prolonged antibiotic regimen seems logical. 2, 33, 34 Many studies have advocated a minimum of 6 weeks of IV therapy, and any duration shorter than that has led to poorer results. 36 Basu et al found a 3-week IV regimen to be effective in the majority of cases; those who failed to respond were operated upon. 5 We started all the patients on a 3-week regimen and administered extended IV doses to those who had suboptimal response (delayed responders) but showed a decreasing trend of biomarkers until the level of CRP reverted to its normal value. We also monitored the renal and liver parameters of those patients regularly. Oral antibiotics were continued for 3 weeks for those who showed normal response and for 6 weeks for those who showed a delayed response.
Surgical debridement was undertaken for only two of our patients who showed clear indications at the time of admission, and hence there was no point in waiting. Some studies along with their indications of surgery are shown in ►Table 1. Basu et al operated upon five patients who showed suboptimal response to IV by 3 weeks. 5 Since earlier studies have recommended 6 weeks of IV, we thought it imperative to wait until 6 weeks; all three of our slow responders had settled by then without operation. In both of our operative cases, we performed transforaminal lumbar interbody fusion because it is difficult to assess instability in discitis. Those with more experience have performed posterior, transforaminal, and even extreme lateral interbody fusion. [42] [43] [44] Although there is no comparative study to find out superiority of one over another to our knowledge, all studies have confirmed the safety of metallic instruments and cages in pyogenic discitis. One reported advantage of surgery is that it allows early mobilization even by 48 hours, [5] [6] [7] but this benefit must be weighed against psychological stress and postprocedural complications. It seems that even with surgery, a prolonged course of antibiotics is inevitable, [5] [6] [7] 29 making the treatment more expensive, especially for the poorer patients. Rawling et al reported ankylosis or painless fibrous union in 75% cases of POD at a 2-year follow-up on patients who had been treated conservatively. 45 We noted that patients were apprehensive about a second surgical procedure and given the long waiting list that plagues state-run institutions, we mostly opted for conservative management.
Despite all the advances, prognosis in POD remains tentative. Iversen reported persistent backache in all his patients, 23 whereas Basu et al 5 and Santhanam and Lakshmi 7 reported good outcomes in all their patients, who resumed their normal daily activities within 6 months. In our group, four patients showed excellent outcome; three patients, although they continue to have back pain, do not require any nonsteroidal anti-inflammatory drugs now; and two had to change Postoperative Pyogenic Spondylodiscitis Jain et al. their profession and are now moderately active (one of these two had kyphotic deformity).
Conclusions
Despite our small sample, we believe that in a majority of cases, POD can be managed medically and surgical debridement should be reserved only for the resistant cases and those with clear indications for surgery. We do believe that isolation of the causal organism is absolutely necessary; discitis can be managed with empirical antibiotics following a hospital's standard antibiogram.. If diagnosed early and managed promptly, discitis can be managed satisfactorily. As resistance to antibiotics continues to increase, the management of discitis will prove increasingly difficult, and we must therefore seek ways to prevent it. Prophylactic antibiotics and careful washing of the wound definitely lower the risk of discitis. 
